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■y^fli, MET— 77 7 ^1^)681*8*1"**? 
fc«tf£nfcaWff^^"C^S*f-*7 , i:, 

(c) B^B7-^777^;l^gStt*:&g-f3Xf- 
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B5IBV7 h'>x77 P D^A{iHUiam 1 3>£a-*± 
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(f) B<ifBV7h7x77n^AA^JfflT*t5'>Xr 
A U^/l/7 * -bX<Di5fBSi[«:yins^ 3 V* 
Sfi!a7n ^9 AtS^A^tr^ if -5 *»«Wr Ls 

(g) BijfBV7 h7x77D^AA^JfflT't§^XT 
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(c) Hufay7h7x7ya^5A5:milS3>tfjL-^ 

(d) Wtay7h'j7x7yn^A^S5ian>ea-^ 
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(e) 1^377 h7x77 , o^v Atf#Jffl?t5^Xf- 
AU^;l/7^-trXOlul3ga^nn5^U-^3 

(f) BUtay7h7x77'D^vAjb^JfflT*^5>'Xx 
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[0002] 



( 4 ) f$P*W 10-254783 

6 

7f$m (.zrciifvy?) ttmnsmmm^x, * 

S<0^'<y7U-A3yt!a-^±-m*y7h7x7 
ac«^3yt;a-x^yy7'7 7 b7*-A^g« 

tt«*^Lr^ -r y 7 u-AtcHissns c 

££ft, cntCJ:oT^<CDAli^'1'>7b-A'\07 
-l±ay\ZzL-$<DV 7 1- 7x7-S>rac£fr-£fttttt 

[0003] i 9 70¥fift¥&e, /^-y^i/nyif 

mti^y^zL-y-^y^ff^yh-yt-htLX^^ 
y7U-Mcm^-D%teit>rz„ rt-v±)i>ziyVjL—5' 

fro -< >7 U— A i: |E3CjIWi2fi£»D:x 

y-^;l/a>kfa-^±T*^5y7h7x7{i, 1/^0^9 
ra— !f7UyKUj left 1 ?, cniaotnytfa- 

77b 7 x7©;K&&jI£<3r-e3 C T*t «t 9 Kfco 

5fcJ&, /<-y*;lo;/fc!a-*(J, ^H^m^coffi 
CfctfT?**. C<D&t*jfc<fc!x &Btt 

TO/^-y^nytfa-^©^^y7U-AtcJtr5 
JO ®ttft&®£fit§*l£fc<0t&o/co xmximxm&L 

[0 0 0 4] 19 8 O^ft^aUT^-y^l/n^tfa 
-^<DS^^i:r-^!ait§ftA^^cti^Lrc(0 

-e, ^-vi-iiuyyia.-^mLmmmcts.^rc^ 

oicmt>ntc e LA>U 1 98 0¥f^©^t)0tC^o 
m£2 0*O/*-Vi-Jl>Ziy\ZjL-?&$Hcfe^'D 

40 f&tLx®x.mv5'*-v+>tey¥zL—!tt)\ mrno 

y\Lz.-Z*H hfrzmi&ztizzv hV-tX&Zo 
ztrfyf-Z'/yoA^ t*ic f7-;l/K7i'K7x 

7 (Vtarldtitte Wfeb) J iWn5^y^-*7 h©- 
jo Jcffi-Tc k£%?rc 0 ft* {ciSltfiEtc^^^-v F7— ^ 
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mm*imc-t5tti<Dgm£mm7 : -fi*v b 7-* t 

[0 0 0 5] 7-;l/F7^K7x7<08S;fr9-g|5ii, * 

a y m =l - * (Dtamt y^^—p Kjtr « *-«g 

7-;UF7-l'K7x7l±fit4£ r7x7"-y--THj Idfiift 

(Dny hD-;l/*a— tf{cjg^-r5V7 h7x7T'& 
0, C<D757-*f*rt-LTl7- A^a^-r-^^Mfct) 

#©7x7lM Ffr6flS£©7x7"1M xfelf 

wK^acT'j^^n^iiv^^cHKjfcd&i.o 7 

F7^ F7x7£fiJffl-f 5 c £\c&. t> % a— tfti, 
ItWclW'f' Ffr5r*X 
7yo- F Lfc y F*®^fc O^T £ C 
5o MtC. a— grLl^y7F7x7 J *\ *7^7 
y b =i;/tra-*lcgEfc'i'yx h-;^nrv57'Dy 
vA%^IE-Pt5 77 F 7x7fc:?7>n- F"f3C£: 
*>T*t3o 

[0 0 0 6] h±07-/l/K7-T F7x7 

7— iflcfc r-r^h^^-yhj %/rUTI^i:«fc 

it. -<yz-*v btmmcmtitenzt^JTybR. 

V^ttMSMfflOayXa.-**? b 7-*T' 
fe5o t^off«^*flJiWII***vh7-** 
ii CTitJirto/^-v ^;i/3 y ea-^KapftwcE* 

B!*oTfTi/>3o Wfc, -<yb=y^ 
Ffcffl^T, ^OXo^ybv^y b**m?Z±M 
f*J©{aAtC7 r -^^-X J f , *^^AV7h7x77 , py 40 
■7A'\©7*-tr7.£$<ttLT^5o tWAtf. Java 
GS*D ^n^Syy-Sfg (#V7*/lcL7W<n7 

*Ay7h7x777Vv Mi, Jyb^vbV?^ 

trcim&nxyVa-McmcMfr&znrzvy F7 

x7&tfr-*fcftRbT8ft*5<:i:tfT-£, ctwc 
«fct), fie*A^fTt>nT^fc^SWy7h7x7<D^ 

son tr-^E^^^fcf^fiitsBfi^a ct&< 

a— Wg6©^3 7*X*l?ffl©x-*Rtfy7 F7 
x7t7^-tXT*t5«}:5tc-r5e:i:^T*t5 0 jo 
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Ofg^*<v F7-*£ftLTE*i£n5y7F7x7t2: 
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tt. 7r-f';l'^!i^©<J:5*>'X7 L AUy-X'\<07 
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^.5t«*^5o *XFn;yfcfa-£fr5<Dfi*; 
fcx-^ni;-, gg x &5i^tt«f5y7F7x 

S/Xx A'vfrElcf3£f 3 ci:;£x.t : r-5J:'5&y7F7 

x777 , u^—>3yfefe5^t,Ln^^o Awe** 
y 7 f 7 x 7 ic awe u v-x^<D7 * -a xsifBrr s 

-#T'fft<E>y 7 h "frxTfcttl/Cttfflli; "J y-X'\«D7 

#ttUW\ ftoT, ±T<Dy7h7x7 (fimT-tS 
feOtigU>t>Ofe) tcWLT±T©->XxAl»y-X 
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a-^ i: UT$$&f Si! 2 Vlfa-^ 
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[0 0 10] *%^cO-^T'ti, 3>ea-m-S 
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y tf a- * tciisattit e>n/c i/XT-L. u^jv »j y-xic 

72-feXf 3I*rJ£V7 h7x77'n?'-7Ajb*ft LTV 

[ooii] *m$m\ommx*\-i. *^u-7vy** 

y h n y fcf a -2 O y if a ±K 

#T^5*5-<7yh:jyfcfa-*±T?£5y7h7x 

8« WJIW*Si**W«*ft*. V 7 h 7 x 77n y 

7Lffl©^b-r-f y>?y7>7-LV V-7s\<D7t*. 

•xa*^^n, ^v'T7yh3ytra-^±T*y7h 

7 x 77"a ^ A*||?Tt5fSN^A,f£'>& < fe- 
0<077t'^P-K^n5o C<D7rYM±, 
7>ha>t;a.— £K«fc.5c:cQV7t-7x77W-7A jo 
<D£f?t»fc: V7 h 7x77W^ AtflUfflT't S^Xx 
A U"W7? -trXCDgjgfcW&f -5 fc&fc!^ e.tl5o 
c©v 7 h 7x770 f^Ltf? =7^7yYuy\L3.- 
*±-e0lfrsn£i:> ccoy7h7x7ynyvAic# 
37nyvAtfM*fi, y7h7x77nyvAA^7-f 
7>h3>'tfa-^±T^f*nTt^i:tfC'ry^- 
•fe7>£ft£ 0 y7h7x77 , a^5A*^JfflT*t5-> 
Xt A ]s^>l7iH27>vm&*9tf\Z'tmZ7B 7? A 
fli^^^^dfrlcBW-SfiJWffft^n. 77 h 7x 
77ny7AA^fJfflT'^5v'X7 L Al^;l/7^-trX(Dg 40 
arttCfeS->XxAU^;b'J y— Xfc7^-feX-T5I ( FoI 
£77 h 7x77*u ?7A#£LTVS fc¥U»r£n*:Jt 
^ yn^A^b^T^tiSo 

[0012] ±!2Lrdgm>m %emc*^coflfi 

[00 1 3] 
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[0 0 14] 77Vy MciS^XrAlJy— X^\fl!)7 

^•tx^wrs^tsBcoiisfgjg^ swags* 

[0 0 15] #%$K,i:3-OtQ*-y h7-*tf, 01 

-<y\-7*»j n 0 2fc\fctfi 04, ft&tftctiW 

1 0 6T^tl5i@A©^gPn>t!i-^A^SnT^ 
So ^h7*7H 0 2t5J:tfl 0 4O^ii(i, 02 

•y hJaitfa— *fomft\t. ti^ftnytf a-^y-h 
7x-T ( "G/W" ) ^LTn>lfa-^^-y h7- 

a-**>y h7-*IC-f H^$n-5o 0 1 

KM l/TMfcft L < iE^S i: , ^F7*y M 0 2 
ti, ^1 O8T-m0^£nTVS'i'y*-*-y h£ 
*>LT\ -Oh5*yH 0 4fe*tf3.— «f 1 0 6KIS 

i o8£oN0g£Ri. ^-ry-K7x>ri 1 o^l 

Tf7t>nSo y-h7xi' 1 -TVh7^y h 1 

OZt. ^i^y^i^—y (bacldxxie) J , ~t^it>^>Wi^S 

Wr-zv^yi 1 2t, KM&stiw&o m®m? 

<<y\ \ 2frP)(Dx-^(i, y-h7x-i'i 1 4^b 
Tfi^^tl, M 0 8«rilt), ^2^-h 

7x-f 1 1 6£i®SLT\ ^F#l 1 8T'^nSK^« 
x-^-tWIcASo n>tfa-^^-y h7-^fi^B© 
a««-e«nHSB6jWJ:J:5li:, r-^7^C>l 1 8 
t±, x-^vi'yi 1 2£|p|(;kcQT-&oT*><fc<, 

^A^S^nSSTO/^y zx-y*mLT^x t> «t 

[0 0 16] Y>h7*7H 0 2^6-r>*— *v h 
1 0 8^:30, ^eicSJIx-^v^yi 1 8£S*T 

mrtzr-m. y-h7x-ri 2o^isiLT-i'y 

hv*«y h 1 0 4lcS5*\ £fclt7-h7x-( 1 2 4 
%ii3SLTa— >f i 0 6tcMS o coiptc, ccT-ift 
WLfe*«BE»cJ:ntf, a— tfi 0 6, <<yh7%v 
hi 0 4, fcj:c;-<y K5*-y h 1 0 2©P B 1T'x-^€r 

<fc^t-i'>^-*-y H 0 8^jiliLT^ijt5ci:)b^ 
T*t, SSl/^ia— tf l 0 6 t^y h7*7 M 0 4 t 
<rm<D/^y'7#-y\ 1 8%iffi@-f5C£#T*£5 0 — 

smmfmwxM. jyv^^v n o 4 t-r:/ h-?* 

•y K 1 0 2 (±, rx^X h7*7 h (extrane 

t)] i:LT»l6nr^5^yh7-^mfi!t%/M.TiiS 
^^-SSCt^T'tSo x*xh7*-yMi> 
*-y H7-^ J f > l@A^fflx-^Mtf!^LTU€-h 
h7-^»ct^^n-5*-y VJ-tmtiLT-ibZo C 

(owrnt. m 1 vtsmznzzvKjy?-*? 

mam sDN j f»T-ix-^5i'>^-r 



/; 

Sfc<0, T*&oTfc<fci/\, m*<DmtiL tJ«ta*<:coj;5 

[0 0 1 7] m IKiS^XFm 1 0 2 1 0 4 T'^ 

5 0(i, *5^7;/h6 2fc<fctf6 4Kig£2ft/c-y-- 

SS^LT. ft*t7 0, 7 2. fc.fct/7 4T**$ftS 
J: 5 ftffi© * 5^7 > h 3 > tf a-*fc|£^rs C i: & 

|j dfctfTfS. -gBOflJT'tt, -Oh^*? 1*5 0^© 

: 4 79-bXt>\ H*7 5(c«J;oT^nS r7747*J* 

-;kl ««K:J:-3T««KIWW*n*, 77^77*- 
yl^HWc^Si— 9\ fluffy*— h*7-f7yb7 

So COidfty-hf x-TttW^76T?35**iT^ 

So 

[0 0 18] V- ^tt, it-/^i;a^fT?ffl^ 
O^7l'7yh^7^-bX-r5Ci:<0-et5x-^^V 
7h7x7£, it&K, £fc«:;t'-*ftif<DgB*rt'L 

-/S6 0Ji, 7-;l/F7^K7x7±<9f r -**Ji.Sfc 
4&Cffi^6>ttS i 5 &757-9V 7 h 7x7 £E&ft£> 
&5x-*£mfSJ:9tdi§J«£ns 0 i¥L<i^* 
tf. +f-^6 0K£9${fc*tt5-f-*l±. fWlft7 
77-tf V 7 h 7 x7^fflt/^Tl^S C fcOT't «"<-S> 

|| *9-T7yMi, ?-*0»*&1's *V7*)\<-7M 

/<D7;UhOSun Microsystems^^JljIS^tXTC^ J a 
va (iffigD 7 , a^7?^ym^-e«^n/c: T77Vy 
hj ^©3yt?a-*y7h7x7££8tS.}:-5fc 

H fcfct y-xnyifa-* (HHWCtt^<) & 

ic^fy* H-;l/£ftTl^Sy 7 h7x7fcftl^LT^S 
«fc ? icMtf&ilfc V 7 h 7x 77"p 752»<D C t X'h 

s„ hz-gmm-zis.. 77isvhttt>\cmzv7b 

"7x7ti\ ±!S©777-!f77h7x7T'&So J§#* 
77VyM±> 757*fy7h7x7i#tf0ltrfS<J: 

KJ:»>» 757^77 h7x7tCii/jn®fig£#*.So C 
(D«to{c, 77V-y h%^7>a-K-rsa— <m, 7 
TVy l-J5:LT'{i777-9 ; y7 h7x7WBT'£fc^ 
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i§JM&£:757-9V7 H?x7f;:#*.SC fctfT't 
S. caidfciiM&cti, W*tf. T-t^-XK 
$ttZi+!7.*LA y £7 x— X#1**tt"tVT& £V\, 
COO 1 9] -fiStC *5-<7yk W*.tf*9/f7:/ 
. h 6 2 1±. a— 9 t x— >*x y k 0$ t> 75 7-»f , 
^T+f-^6 0'N<Di¥mL£:f : T3o 3.— 9*x— >*x> h 
tCti, *U7*;l'—7WI>'^P7;l/h©Sun Microsystems 
WItSHot Java (AM) -f\ £97*;l>- 
TfflVJyf^lf a —©Netscape Oamunicaticristttf 
70 fUSS-TSN e t s c a p etf^$ns 0 fc/cU cn5» 

i-^iyHi. HStc, 77*Uyhn-K^T-rs 
^mjiy'jyt. T7*U«y h*^<o->x-fL'J y-x 
^(07^-12X^1-5*^5 ft^WKWSBHcffl^&ft 

[0 0 2 0] feSHSf6JB^T*(i, f y*-*-y h±*fc 
ti-ryh5^-y hrtKKH*n«-9— /W, 77Vy h 
^SgfS ^5X7 r-Y;l/«r#^f *5X5-f 75 U ^ 
20 j!$-fSo CCD J; 5X5^75 'JO-flW, J a 
va GSflfD ^5X5^75UT'feSo HftfltyCxE^S 
-9--/^ 77"U-y 5X77^1/ 

[002 1] *^0&«&iB8ttlc £tii& 77*bv 
7> hvs/^c^yo- K$n/i^5X77-<';l/^e> 

^yx^yxaifiStf scii^-ets. cne>©^5X7 

7^;Wi. — o®7'-*-f7'77-rn*:y/b-7*fW« 

30 Ct^T'^So MfC, 7-#'f777-f'/M±. f<f'^ 

tS(OT% 7-*'T777-(';l'^e.^!tSnfc:77'b-y 
hO@B (origin) %imicn«itZ££tf?ZZ 0 £ 

<m. 7?uv h*WT^nTv>sv->y^t*<o->x7 L 
i»y y-xJc7^-bXT*ts*^|iJ»frsrc«)tc, 7- 
A-r777i';KD^S*fiil2-rsj:i:AtT*t5 0 
(i/^^-v) ?:ffl^5ili:tc<J:t). 77U-y Hc«fcS 
^5-<7y hV*»£DS/X7\k y y-x^co7^-tx 
0J;itf77Vy KOSiiT'SS-9— Aco-b+aUx 

mtf, #^5-T7yh±©77'U-y htW^-rSffTBI 

KhT'lWtrS77Vy htt, ^2(D^5-r7>h±T- 
iW^TS(^-<077"U-y h £im%57*-bZ.¥fmZ : £ 
-fSJf^tffcSo fifoT, c«ouy-x7^-tx»c 
«fc0, mtf'jy-xfc^tyvi/yfcisi 
^y^y^J hrt<Dvi/X tc«J5-rS7/b>y h 

X fc«(5tS77'Uy h«fc0t»'Jy-X^<D7^-bX 



( 8 ) 



WWPFl 0-2 5 4 7 83 



13 

C0022] 03 (a) «, *mi<»--pmmmz> 
t«/^\ &^x77^ui, am. tf- 

Ji, C©li£>Wfit©gW)*5X, W*.tf*7* " 1 " 
2 0 2, *7X "2" 2 0 4, *i<fctf*7X "N" 2 0 

y h <Dv/-^r yx, y 7 h 7 x 7*iiii: UT 

JlllLTfeJ:t\ 9&c.T&VtiL5\c. 7 

X£E^T£&<D77Vy h^PfitT5Cli:t»5I^T*S 

[0 0 2 3] 77W hO^TtCli, 5/*-fi»'J V-X 

jMKBTfc*. 77Vy Mi£<©gfc3->XrZ>yy 
-*K7**x**fc*©*^^A/lVTt»J:if\ft 
■Mra 77VyMJ, 3i£<DSIt 

tvfntc 1 7 * -b XtfHFnJ£ft&t,\fr<0 if -5 6) fr£ * 
C© r*-;I/-*7«^-yS/y^j 77n-^t±, <<> 

*77Vy htf, mtf nwre**j <wc**u -<y 

3ft >. ^yh^-y h^X7\kF»n?j£577Vy htsJ: 
tWflK?j£5ESF077Vy Mcl±, iI3t, ->XxAU 

y-xfcWSHt7*-t*wi»*5*.5ftS0?» f 

[00 2 4] >jy-X'\©7*-trXfre>77V>yh;S:2! 

©a— ffi, yy-X'\<07*-bX£{i4©77V«y h 
fc*^>TMW*Cfc«^#S. 77Vyb*M'yX 

*y*£«f sfc»Kffl^&ti**7*77-fjMc rw 

£ (signature) J , OSMWfFfcSiWCfctt, W 
y h5*y b®$t#77W h£ii«fl«]3PT'£5<fc 

£ •Q&&ttfiVmV £ 5 <fc 5 K * 5X7 7 -OMC§££ 

«*nfc7^Uv hfc*ftW*^ft7*-feXM«**l 
BrT't3<fc5tcftS 0 »c» *-7X77fMc©&%tt 



K-r*7-*^r7r-rn«»cov"»Ta:. 03 (b) 

[0025] 7V~>**;i/g££tttt5££©5Jfig&7- 
h Of y v 7* -y h ->x-r A©rt^oi/-'-rn*Hcfe57 

/0 TVy h) 14, -fVhv^-y b*XrAf%D3I#?£ftfc 
->X-rA'Jy-XfC7*-feXT*t£<fc?tCft5o 7-* 
-Y 77 7^;K9tV *J*J\M&&-x. >y c J: 
5. 4*6ftfc77V«vh^iEKgS£ftfcfr£3 
*\ *5<fct?if<Dnyea-^^77 , U-y hfc»B*{*tt 
«*JWr*Cfc3b^niBcftS. COfcfe, 77*U 

*V^ttfi±1fftV^Xh*©3WcS-^^T7*-fcXWIi 
ti, 7^-bXWHoiwarKJ:?), a— «f(t» EST?* 

[0 0 2 6] 03 (b) (i, *^C0Hffl^C^57 
-A-l'777'Y;l/7 J -^7*-V«y hon«g?ft«. 

tt, Java (&M) 7-i3^7 (JAR) 7*-V-y 

hT*$.5„ r-ij^rz i o, -twr-Mfyr^t 

Mi. ^ypm&Z 1 2^A.^«. C©^>y^^ 
2 1 2tt. 7-^72 1 0©SS14%St^LT7-A 
. ^72 1 0aW8T*57**X©l^l/*W5£-Wc 
JO fttea— «fx-S?x y b K * o TilWfflV ^ 6>n5§£? 
fe5o HRK, ^>y^?S2 1 2tt, T-Mfi&M 

xic«i;fci«H (fit, <inici5s^?n5t,©r-{i* 

fcORTfil&xY S^*;«*-C**. 7-*^T72 1 0 
ffiit©ISC©M^^7X, 0lJx.^7X "1" 2 0 
2, *7X "2" 2 0 4, *5<J:tf*7X "N" 2 0 6, 
^WLT*50, cna©^7X^877'U>y hfcitfflO 

jl*7'>*x^ h*vyx^yx4^$n§o 

[0 0 2 7] MIC 7-Al'72 1 0(i, {fH^tfx-^ 
40 7n-y£2 l 4<r)£ors$m : r-2-fuy'7*%LX^ 
Tfe<tV> 0 1 4fi, 'T^-^t^X 

h-^7-*^72 1 0<D-afl£#*£ft5ffit©-f-* 

^2 1 4li, 7-*^72 1 OtCf^filf 5^^X2 0 
2, 2 0 4:fe\J;tf 2 0 6£fB3£-f ^T+XhXHJy-T" 
^T^T'^Ttct^o fttJCO^iiJgffiT'tt, 7-*-f72 
1 0lCx-*7n-y*tf^3:tt&l/^&&i.o 
[00 2 8] ^C, 04 (a) *#«ILfctfe>, ^V-T 

7y miT^ h vm&<»$m®&t*'m\c®.-3x 

50 tmtZ. *yJ7>hZftLXVV-Z^<DTt-t>* 
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Iffi, HRfc, a— tfxf h U 3 0 
2 i^y^x-XtSc a— Iff** h «J 3 0 2 
£±. 757«f, 0**?a— «fX-5?x>K KSTf-Stf? 
$g££tftt£757-»fT-<' h 'J 3 0 4 £WLT^ 
So £<9757lfJ3\ mif±3LfcHo t Java 

C £tfT't£ 0 7v7lf-f -< h U 3 0 4 ti, a— «f 
tC.toTff^nSS^cSL/cT'P/^X'f 77-T;l/3 0 
6£§A,T*I/->5o ^^77^3 0 614, ii^s 
a— tfyiJ^r^VXSB (user prefereroe itsrO 3 
0 8 £#A/C</ C W- tfT^'J 777 >XSS 3 0 

[0 0 2 9] 7°u^x-f 77^;l/3 0 6tt, a— tftcj; 

•y*3 1 0. ^77^US3 1 2, *5<fctf^b-7'tt 
*7T^U83 1 4^S*lTV>rt,«J:V^ ttWm 
-0»-5*7*-*7ny*3 l 014, 

gssnfc y y-x£*ffS-r y r-c is&? . 
icmmc v <y h y 5 fctotcffl^ e>nsi#)5!t7 7 4 b 

*mWZ>* h U «fiK7r^K0-^Jfco 
v^Ttt, 04 (b) «^L^6ttTTBWrr«. ^ 
Jlz-Tfttl ( rx^y*J ) 77-OI453 1 414, 05 
(c) *«!BL**<&«j!W*J:3fc, 9fb-?Wk'7 

[0 0 3 0] 04 (b) tt» *£91<0&ffl8^{*«flf 
«7r^;l>©ra(WD*W^**. *§/iSc77f;l/3 5 0 
tt, 04 (a) «#«LT±iSLfcJ:9«««77'-r;V' 
£3 1 2t*oTll9J*n««a7r'l'/K0-We* 
So S^7r-r;l/3 5 0(i. tf-^±. "r4fo-5*7-r 
7>h#7*-t?XL;rc^+J— ^±©U y-X3 5 4£\ 
*H6W*-feX7r-r;l4&3 5 6KBBW«f»J*r-7 
;l/3 5 2*£A/Cl^*. -T^t)^, r-7;I/3 5 2tt, 
'JV-X "W" 3 5 4rt©x>h'J*7^-bX7r-l'/l' 

£ "W 3 5 6rt©tt^sxyhytenM*tt*. y 

V-*3 5 4tt» HftlC, mtVi/XT-LVV-Z. 9i 

*XK V^7hi^ 
? (classifier) T'££> 0 7?;feX77-r;l/ft 3 5 6 
(i, flj&r*7*-fcX77'T;l'*»gW*. C<07*-tr 
X77^;MJ, =b*ayr^lBi?i:» 7^-bX77'C 
JktfHBtttt SftT^S ->Xxi» 'J V-X'\<D7 ^-t X 

77^;Konijg(i> 05 (c) %%mLTvj.T-emm 

mcWRtZo roJ-xJ:<oyv-X3 5 4A^|5i-0-b* 
iyx-cfiB$^«WT't5i:i/^«IHc<tD. 7^-tr 



/6 

X77'T;l^S3 5 6i:7^-tX77-i';Wi:s zofcUiQ 
y V-X 3 5 4 tCKBgftttS C i:#T*£5 0 
[0 0 3 1] <a»C, 05 (c) *r#8SL£#67*i:X 
7 7 ^;WD«a^5W<M(BBBI^«e-3 THflW*. 
7^-tX77^U3 6 0tt, HftK, 7*"J:/5"M/ (pr 
incipal) 3 6 2 Kltt 3 6 4 KMiitttt.g>-r-7Vl/ 3 
6 l£#A/C'l^3o 7*y>">/Vl/3 6 2tt, <@*<7)*X 
HT'^oTtil/^U &5VMil^£>*Xhfr£ft5y 
;l/-7*T?fc-3Tfc«Jtt\ flPlittf, "java.can" tt, 7'J 
10 y*/rt)l3 6 2 T'&3114<D*X K 0$ K)V-fW3b 
•DTfe<tV' l o C©flfitC, "java.can" t "sun.can" 
*\ ^b-7 , 07 p yyW^3 6 2«r^fi!cLTfe<tV\ 

HW«aBHirctt» 7y>s//</u3 6 2^ ^07 

-*-C7©»8# (signer) T'feoTtxfc^. 1^3 6 
4tt, -tr+ny-r-ffEiE^O^U-tf^* (graping) 
^^.5o -T^t)^. I^3 6 4li, I1F«J3 6 4 6M 

<>fiT6.nfc7'y>>'/^b3 6 2^7^-trx-rsyy-x 
[0032] 05 (d) a, xmto&iinmcgksy 

20 ;U-7 , tt« ( r^yirj ) 77^;l/7*-V«yKDil 
BS0T**5. ±^b/c:<fe^tC, 04 (a) <D7>\<-71± 
&77-<)VhZ 1 4^ 9Ar- : ?im7f'ffrs W*tf 
^b-7 , tfc»7T'<;l'3 7 0, *HSiJ1-5o ^;I^7'tt 
«7 7-C;l/3 7 0 tt. 3 7 2 *ffiI<Dg[<D* 

>/^3 7 4fcWa^t?.7 L -7;l/3 7 l £#A/C*l^5o 
VAr-^ 3 7 2 (i, *®WtCtt, ^ y^ 3 7 4 <D^*;l/ 

So «*4|Bf*l:, -o©^;U-7*€, W*tf^;I^-7' 
"l" 3 7 2 a«, ffitOSO^y/^ W*tf*:"< 
JO " I " 3 7 4 a*SiXf*>/\ "2" 3 7 4 b, fcHBf* 

" 1 " 3 7 4 aZ--D&±V?)\r-7 , % 3 7 2KM31tt 

[o o 3 3] 06 *mwmimfmcft-DTv y- 

X^\07 ^-feXS^Uff-r S^ft^-T 7n-trX7 o 
-f-V-hT*«5o <l©7'n-feX(±4 0 2fr5P*1teU 
Xr«y7°4 0 4m g#^v^7yh, CT^02© 
^5^7>h7 4^P., V—/^ m*.imz<D*r-'t6 

omnbxm LM7t>n. 03 (a) zmt-cm 

40 Lfc / >*<i:t)-ocD^vX77'f;k ^5t>li03 
(b) *m&LT±j&trc7-i3>(777'()l<D^?n 

-^*x>h. -rftfr-5Bij3£<DHo t J a v a (ffi^) 7 
vylf^N etscapeNav igato r 7~^7*f 

X77-Ok £rclt7-fi'(7'77'()l<D^?tlfr<D? 
9>D- K(±, 'J y-X'\<D7^-bXg*JCf5gLTPHl 
te?n-5<0T% C<D^7yn-K<DP^ti77b-y h^r 
50 ^tT-r5^mLT*feS. &Sffifft!U3&$gT't±. 7- 
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■tfi-ryrJ Mt j a R75"f;t/T*&-5o 

[0 0 3 4] 0 6T*ti, 7-#'<777'Ol> 

£ fcl± £ 7 X 7 7 -iVKni, ->-f ftfrtf, ^ 
7W7>hK:f4fiW*EMStBKo-H*tiS. HIS 
K, 7-*^777^;Mtyc*7Xtf£^ii3\ i^lf 

7-7^77 7-OWi, *fl£;-f3*7X77'Ol/ 
££LTV5o COfcii), 7-*l'777'<;K0P-K 70 
(i, 77X77'T;l/OD-H^#5o * 5X771' 

laraatn- K*nfc». xfv^o 8 r*i±, p- 

F«nfc7 7-r;Wc^UTSS14^g7 p D-b7 l ^|ltT^ 
ns„ c©»3ttttg7*u-fcXtt, 7-7^777^1/ 
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1. Title of Invention 



METHOD AND APPARATUS FOR CONTROLLING 
SOFTWARE ACCESS TO SYSTEM RESOURCES 
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2. Ciains 
IN THE CLAIMS: 

I A method for controlling the degree of access to operating system resources for 
a software program running on a computer which computer is running said 
operating system, the method comprising the steps of: 

(a) defining said degree of access to said operating system resources for 
said software program; 

(b) examining at least one file associated with said software program to 
determine the degree of system-level access available to said software program 
when said software program is being executed by said computer; 

(c) executing said software program on said computer; 

(d) intercepting a program instruction associated with said software 
program when said software program is being executed on said computer; 

(e) determining if said program instruction includes an operation that is 
outside said degree of system-level access available to said software program ; 
and 

(f) executing said program instruction when it is determined that said 
software program has permission to access system-level resources associated 
with said computer that are within the degree of system-level access available to 
said software program. 

2. A method as recited in claim 1 wherein said step of d^rmining if said program 
instruction includes an operation that is outside said degree of system-level 
access available to said software program comprises validating an identifier 
associated with said software program. 



3. 



A method as recited in any one of the preceding claims wherein said step of 
executing said program instruction comprises determining if said system-level 
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resources being accessed by said program instruction ore protected system4evel 
resources. 

4. A method as recited in any one of the preceding claims wherein said software 
program comprises on applet. 

5 . A method as recited in claim 4 wherein said applet is a Java applet 

6 . A method as recited in one of claims 4 and 5 wherein said applet is associated 
with a header, said header being arranged to include an identifier, said identifier 
being arranged to identify said an origin of said file. 

7 . A method as recited in claim 6 further including the step of validating said 
identifier to determine if said computer has permission to access said system- 
level resources. 

8. A method as recited in one of claims 4-7 wherein said computer is a client 
computer and said applet is downloaded to said client computer from a server 
computer. 

9. A method as recited in claim 8 wherein: 

(a) said step of examining includes determining the degree of system-level 
access to said server that is available to said applet when said applet is being 
executed by said client computer as defined by said defining a degree of access 
to said system-lcvd resources associated with said server computer for said 
applet; 

(b) said step of determining includes determining if said program instruction 
to access system-level resources associated with said server computer includes 
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an operation that is outside said degree of system- level access available to said 
applet; and 

(c) said step of executing includes executing said program instruction to 
access system-level resources associated with said server computer when it is 
fetermined that, said applet has permission to access system-level resources 
associated with said server computer that are within the degree of system-level 
access available to said applet 

10. A method for controlling the degree of access to operating system resources for 
a software program running on a client computer which client computer is 
running said operating system, wherein at least some of said operating system 
resources reside on a server computer that is coupled with said client computer 
through a computer network, the method comprising the steps of 

(a) defining said degree of access to said operating system resources for 
said software program; " 

(b) loading at least one file including instructions for executing said 
software program on said client computer; 

(c) examining said at least one file to determine the degree of system-level 
access available to said software program when said software program is being 
executed by said client computer as defined by said step of defining said degree 
of access; 

(d) executing said software program on said client computer; 

(e) intercepting a program instruction associated with said software 
program when said software program is being executed on said client computer, 
(0 determining if said program instruction includes an operation that is 
outside said degree of systcm4evel access available to said software program; 
and 
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(g) executing said program instruction when it is determined that said 
software program has permission to access system-level resources that are 
within the degree of system-level access available to said software program. 

11. A method as recited in claim 10 wherein said step of determining if said 
program instruction includes an operation that is outside said degree of system- 
level access available to said software program comprises validating an 
identifier associated with said software program. 

12. A method as recited in one of claims 10 and 1 1 wherein said step of executing 
said program instruction comprises determining if said system-level resources 
being accessed by said program instruction are protected system-level 
resources. 

13. A method as recited in one of claim 10-12 further including the steps of: 

establishing a data transfer communication link between said client 
computer and said server computer across said computer network; and 

transmitting said at least one file from said server computer to said client 
computer across said computer network. 

14 . A method for processing a request from a client to access a system resource 
associated with a first server, the method comprising the steps of; 

(a) calling a second server to initiate a download of files that are relevant to 
said request; 

(b) loading said relevant files from said second server, said relevant files 
including an archive file, said archive file including at least one class file and a 
header, said header including an identifier arranged to indicate the origin of said 
archive file; 

(c) validating said archive file; 
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(d) converting said class file into an applet; and 

(e) executing said applet, said applet including at least one instruction, 
wherein executing said applet enables said client to access said system resource 
associated with said first server. 

15. A method for processing a request as recited in claim 14 wherein said step of 
validating said archive file includes the sub-steps of: 

(a) authenticating said header; 

(b) determining whether said header is valid; and 

(c) performing a class verification on said class when it is determined that 
said header is valid. 

16. A method for processing a request as recited in one of claims 14 and 15 wherein 
said step of executing said applet includes the sub-sieps of: 

(a) determining whether said instruction is an instruction to execute a 
protected operation; 

(b) executing said operation when it is determined that said instruction is not 
an instruction to execute a protected operation; and 

(c) determining whether said operation is allowed when it is detennined that 
said instruction is an instruction to execute a protected operation. 

17 . A computer system for controlling the degree of access to operating system 
resources comprising: 

a first computer coupled with at least one memory device which holds 
therein at least one file including instructions for executing a software program, 
said software program running on said first computer, said first computer 
running said operating system, said first compuccr being configured to: 
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(a) define said degree of access to said operating system resources for said 
software program and said first computer being configured determine if a 
program instruction associated with said software; 

(b) load said at least one file including instructions for executing said 
software program on said first computer; 

(c) examine said at least one file to determine die degree of system-level 
access available to said software program when said software program is being 
executed by said first computer, 

(d) execute said software program on said first computer, 

(e) intercept a program instruction associated with said software program 
when said software program is being executed on said first computer, 

(f) determine if said program instruction includes an operation that is 
outside said degree of system-level access available to said software program; 
and 

(g) execute said program instruction when it is determined that said 
software program has permission to access system-level resources associated 
with said first computer that are within the degree of system-level access 
available to said software program. 

18. A computer system according to claim 1 7 wherein said first computer is 
arranged to determine if said system-lcvci resources being accessed by said 
program instruction are protected system-level resources. 

19. A computer-readable medium comprising computer-readable program code 
devices configured to cause a compiler to perform the actions of: 

(a) defining said degree of access to said operating system resources for 
said software program; 
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(b) examining at least one file associated with said software program to 
determine the degree of system-level access available to said software program 
when said software program is being executed by said computer; 

(c) executing said software program on said computer; 

(d) intercepting a program instruction associated with said software 
program when said software program is being executed on said computer; 

(e) determining if said program instruction includes an operation that is 
outside said degree of systerri-leYel access available to said software program; 
and 

(f) executing said program instruction when ii is determined that said 
software program has permission to access systcm-leveJ resources associated 
with said computer that are within the degree of system-level access available to 
said software program. 
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3. Detailed Description of invention 



BACKGROUND OF THE INVENTION 

1 . Field of Invention 

The present invention relates generally to methods and apparatus for controlling 
the access to computer resources by software running on a computer. More 
specifically, the present invention relates to methods and apparatus for controlling the 
access to system resources on a client computer by software downloaded to the client 
computer from a server computer. 

2. Background 

Prior to the rise of the personal computer, computer users were limited to 
operating software that ran on large, mainframe computers using terminals that typically 
included a keyboard for entering data and commands and a video display device (or 
printer) for viewing output. Although mainframes provided very powerful computing 
platforms, they suffered from serious drawbacks. In particular, mainframes were 
expensive to install and operate and they required all users to be connected directly to 
the mainframe through a terminal, which limited access to the mainframe for many 
people. In addition, users had very limited control over their computing environments, 
usually having to adapt their work styles and problems to suit the software and 
administration of the mainframe computer. 

Beginning in the lane 1970*s personal computers began to overtake mainframes 
as the dominant computing platform for both personal, business, and scientific uses. 
Rjt single users; personal computers often could provide the same computing speed as 
the older mainframes that had to accommodate many processing jobs simultaneously. 
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In addition, software that ran on the personal computers became more "user-friendly," 
thereby allowing computer users to adapt both the computer and the software to .suit 
their particular computation needs. The release from requiring a connection from a 
terminal to a mainframe allowed personal computers to be located just about anywhere 
with in an organization or at home. This capability further assured the dominance of the 
personal computer over the mainframe as computing power could be located at sites 
where it was needed. No longer did users have to tailor their operations around large, 
expensive, finicky mainframe computing centers. 

As the computing power and data storage capacities of personal computers 
exploded throughout the 1980s, the dominance of the personal computer seemed to be 
assured. As the 1980s drew to a close, however, a new phenomenon began to emerge 
which appears likely to overtake the personal computer revolution of the past two 
decades. Today, ever increasing numbers of personal computers are linked to each 
other through high speed data networks. The most popular network currently is the 
'Internet, 1 * which is the network comprising various business, academic, and personal 
computer sites across the globe. The popularity of the Internet, and. more particularly, 
that aspect of the Internet referred to as the "World Wide Web," has prompted many 
organizations to form internal computer networks, which are often referred to as 
"intranets." This interest in network computing has heen sparked by a combination of 
high speed data networks and increasingly sophisticated network servers, routers and 
other devices which allow many independent personal computers to communicate 
efficiently. 

The attractiveness of the World Wide Web stems in part from its highly visual 
character, the same factor that played a large role in the rise of the personal computer 
and its dominance over the mainframe. Typically, the World Wide Web is organized 
into various "web sites" which typically comprise a server that transmits data to a client 
computer running a "browser." The browser is software that provides a user with a 
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window and various controls through which data from the server can be viewed and 
navigated. A particularly useful feature of World Wide Web data is its ability to- be 
linked through hypertext commands such that users can quickly navigate from one 



intuitive commonds such as the activation of a mouse button. Using the World Wide 
Web, users can view and/or download text, graphics and hear sounds from sites all 
over the globe. In addition users can also download new software, or software capable 
of modifying programs already installed on the client computers. 

These same features available to users of the World Wide Web on the Internet 
can also be provided to users of a local network through an "intranet" a non-public 
computer network that includes clients and servers arranged analogously to the Internet. 
This capability has received increasing attention from many organizations as 
information useful to employees carrying out their assignments can be distributed 
quickly throughout the network to personal computers within the organization. In 
particular, many organizations are utilizing intranets to provide access to databases and 
custom software programs for individuals in the organization using such intranets. For 
example custom software applets created using the Java™ programming language 
(available conunercially from Sun Microsystems of Palo Alto, California), can be 
operated in conjunction with software and data already instilled on the remote computer 
which is either external or internal to the intranet to provide users access to data and 
software specific to their job tasks without the difficulties associated with disseminating 
and maintaining many copies of special-purpose software as has been done 



It is often desirable for software distributed through a secure intranet to have 
full access to the system resources of the client computer; whereas software distributed 
over less secure nerworks external xo the intranet system generally are allowed little or 
no access to system resources, such as file moving capabilities, as such software 



document to another and even from one web site to another through very simple 




traditionally. 



(31) 

S3* 3- : P97HF-02 5 



tf&ffl 0-2 54 7 83 
(1 2/30) 



cannot always be Crusted For example, some software applications include functions 
that install computer viruses on the host computer. Other software application- may 
copy, alter, or delete critical data from the host computer and even forward that data to 
another computer system surreptitiously. Unfortunately, there is no viable method or 
apparatus to enable trusted software to access certain resources while restricting other 
software from accessing the same resource. Users are therefore left with a trade-off 
between enabling all software (trusted or suspect) access all system resources or 
limiting the access of all software in an effort to preserve the security of the client 
system 

Thus, it would be of great benefit to computer usees, and especially computer 
users within organizations in which multiple computer users are connected through a 
computer network, to provide methods and systems for controlling resource access for 
both irrformation and software over the network so that the above-described problems 
associated with highly decentralized computer networks can be mitigated. As will be 
described here and below, the present invention meets these and other needs. 



SUMMARY OF THE INVENTION 

The present invention addresses the above-described difficulties in managing 
software distribution across networked computers by providing, in one aspect, a 
method, system, and software for controlling the access to server resources by selected 
software applications on a first computer acting as a client computer that is in 
communication with a second computer acting as a server computer on a computer 
network. 

In one aspect of the present invention, a method for controlling the degree of 
access to operating system resources for a software program running on a computer. 
The degree of access to the operating system resources is denned for the software 
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program, and at least one file including instructions for executing the software program 
is loaded on the computer. The file is examined to determine the degree of system-l^vel 
access available to the software program when the software program is being executed 
by the computer. The software program is executed, and a program instruction 
requesting access to secure resources associated with the software program is 
intercepted when the software is being executed on the computer. A determination is 
then made to determine if the program instruction includes an operation that is outside 
of a degree of system-level access that is available to the software program, and if ir is 
determined that the software program has permission to access system-level resources 
associated with the computer that are within the degree of system-level access available 
to the software, the program instruction is executed. 

In another aspect of the present invention, a method for controlling the degree 
of access to system resources for a software program running on a client computer that, 
is running the operating system, where at least some of the operating system resources 
reside on a server computer that is coupled with the client computer, is provided. The 
degree of access to the operating system resources for the software program is defined, 
and at least one fie including instructions for executing the software program on the 
client computer is loaded. The file is examined to determine the degree of system-level 
access available to the software program when the software program is being executed 
by the client computer. The software program is executed on the client computer, and a 
program instruction associated with the software program is intercepted when the 
software program is being executed on the client computer. A determination is made 
regarding whether the program instruction includes an operation that is outside the 
degree of system-level access available to the software program, and when it is 
determined that the software program has permission to access system-level resources 
that are within the degree of system-level access available to the software program, the 
program instruction is executed. 
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These, and other aspects and advantages of the present invention, will became apparent 
when the Description below is read in conjunction with the accompanying Drawings. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Certain embodiments of a method and apparatus for controlling the access by 
applets to system resources will be described below making reference to the 
accompanying drawings. 



An illustration of one network in accordance with .the present invention is 
provided in Fig. la. Included in the network illustrated in Fig. la are intranets 102 and 
104 and an individual external computer shown at 106. The structure of intranets 102 
and 104 is described in greater detail below with respect to Fig. lb. Both the intranets 
and the user are connected to the computer network through a variety of computer 
gateways ("G/W"). In some embodiments, the computer network includes the Internet 
Referring to Fig. la more specifically, intranet 102 is coupled with Intranet 104 and 
user 106 through the Internet which is shown generally at 108. The connection 
between intranet 102 and the Internet 108 is provided first through a gateway 110 
which is coupled with intranet 102 and a "backbone" or high capacity dataline 112. 
Data from ahigh capacity line 1 12 is routed through gateway 1 14 through the Internet 
108 which data passes through a second gateway 116 and into high capacity dataline 
shown at 1 18. As will be appreciated by those of skill in the computer network arts, 
dataline 1 18 can be the same as dataline 1 12, or may represent a separate backbone to 
which various other individuals, or users, and networks are coupled. 

Data that travels from intranet 102 through the Internet 108 and over high speed 
dataline 118 passes through gateway 120 to intranet 104 or through gateway 124 to 
user 106. Thus, according to the illustrated embodiment, data can be passed among 
user 106, intranet 104, and intranet 102. In particular, the data may travel through the 
Internet 108 as just described, or may pass across backbone 118 between user 106 and 
intranet 104. In some embodiments, intranet 104 and intranet 102 can be coupled 
directfy through network configurations known to those of skill in the art as 
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"extranets". Extranets are network arrangements in which a given network or 
individual is coupled with a remote network through a dedicated data connection. This 
connection may include data that is routed through the Internet, as illustrated in Fig. I a, 
or may be a direct data feed, such as through an ISDN or T-l dataline. Various 
configurations in addition to methods and materials for establishing such configurations 
will be apparent to those of skill in the computer network and telecommunications arts. 

One embodiment of an intranet, such as illustrated in Fig. la at 102 or 104, is 
provided in Rg. lb at 50. A typical intranet 50 includes a server 60 which is coupled 
with clients 62 and 64. In addition, server 60 can be coupled to other client computers 
such as shown at 70, 72, and 74 through a router, hub or similar data transfer device 
such as shown at node 68. In addition, remote clients (not shown) can be connected to 
server 60 either through a direct line or through the use of telephone lines using, e.g., a 
modem or similar device. In some cases, access to intranet 50 will be controlled to a 
high degree by a 'firewall" configuration which is illustrated by the box 75. The 
establishment of communications from users external to the firewall, such as remote 
client 78, can be achieved by traversing a gateway which allows access to the protected 
server. Such a gateway is illustrated at 76. 

Typically, a server provides data and software that is accessible to the various 
clients which are in communication with the server, either (Erectly or through a device 
such as a router. The construe lion, maintenance, and operation of the server, router, 
and various client machines will be well known to those of skill in the art. In some 
particular embodiments, server 60 will be configured to provide data that is compatible 
with browser software such as that used to view data on the World Wide Web. 
Specifically, the data provided by server 60 will be in the form of pages of data that can 
be examined using typical browser software. In one embodiment, the server and 
clients are configured to exchange not only data but computer software in the form of 
"applets," such as those written in the Java™ programming language available from 
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Sun Microsystems of Palo Alto, California. "Applets" as used herein are software 
programs that are configured to be passed from a source computer, typically a server, 
to a client machine and run in conjunction with software already installed on the client. 
In one embodiment, the software with which the applet runs is the above-described 
browser software. Typically, applets provide additional functionalities to browser 
software by performing various computational tasks which the browser software itself 
is not configured to perform. Thus, users who download applets can provide the 
browser software with additional functionalities that arc not otherwise available to the 
browser software. Such additional capabilities can include, e.g., custom interfaces to a 
database. 

In general, a client, as for example client 62, calls into server 60 using a user 
agent, or a browser. User agents include, but are not limited to, HotJavaT* available 
from Sun Microsystems, Incorporated of Palo Alto, California, and Netscape, available 
from Netscape Cornrnurii cations Corporation of Mountain View, California. In one 
embodiment, the user agents generally includes a processing engine which executes the 
applet code, and a security manager used in the deterrnination of whether an applet has 
access to certain system resources. Examples of such a security manager are provided 
herein below. 

According to one embodiment, a server, located either on the Internet or within 
an intranet, provides class libraries which contain class fdes that define an applet One 
example of such a class library is a Java™ class library. Specifically, a server can 
contain the class files that make up the applet, and the particular Web pages including 
HTML code thai references the applet 

According to one embodiment of the present invention, applets are instantiated 
from class files that are downloaded from a source computer, or a server, to a client 
machine. The class files may be grouped together into an archive file. Further, an 
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archive file can be digitally signed, or otherwise marked, such that the origin of an 
applet created from the archive file can be reliably determined. The signature of an 
archive file can then be verified in order to determine which system resources are 
accessible to the machine on which the applet is executing. The use of signatures 
enables the access to system resources of the client machine by the applet to be 
controlled, by reference to the security status of the server from where the applet 
originated. By way of example, an applet executing on one client may have different 
access privileges than the same applet executing on a second client by virtue of the fact 
that the permissions associated with the applet on each client may be different. This 
resource access control therefore enables applets associated with secure machines, e.g., 
machines in the same intranet as the machine which contains the resources, to have 
more access to resources than applets associated with unsecurc machines, e.g., 
machines on the Internet. 

Fig. 2a is a diagrammatic representation of a collection of class files in 
accordance with an embodiment of the present invention. The format of the collection 
of class data files, which is generally used on a server, is not arranged to accept 
signatures. That is. each class file typically defines a class residing on a server. The 
format is such that the collection includes any number of classes, as for example class 
"1" 202, class "2 M 204, and class "N" 206. A class may be defined as a software 
construct that defines data and methods, or sequences of statements that operate on the 
data, which axe specific to any applets that are subsequently constructed from that class. 
In other words, as previously stated, an applet may be constructed by instantiating a 
previously defined class. It should be appreciated that a single class may be used to 
construct many applets. 



The execution of an applet usually entails requests, or commands, to access 
system resources. While an applet may contain instructions to access many different 
system resources, due to security concerns, an applet is either allowed access to all of 
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the specified system resources or access to none of the specified system resources 
under present design restraints. As discussed above, this "all-or-nothing" approach to 
system resource access is often undesirable in that an applet running within an intranet 
system, for example, is "trusted," e.g* t of known origin, while an equivalent applet 
running externally to the intranet system is considered to be (insecure. As the applet 
running within the intranet system and the equivalent applet running externally are 
typically given the same access privileges to system resources, in order to maintain the 
security of the intranet system, the applets are generally given no access privileges. 

The ability to selectively control applets from accessing resources enables a user 
within an intranet system to restrict access to resources on an individual applet basis. 
Including a "signature/' or an identifier, with class files that are used to instantiate an 
applet is one method which serves to enable an intranet organization to selectively 
control applets. Signing, or marking, class files such that it is possible to tetermine 
where the class files originated enables an intranet system to determine the appropriate 
access privileges associated with an applet instantiated from the class files. In addition, 
signing class files further enables a determination to be made regarding whether a class 
file has been tampered with. An archive file structure which permits a group of class 
files to be digitally signed wDl be described below with respect to Fig. 2b. 

By providing an archive file which can be digitally signed, it becomes possible 
to enable an applet, either internal and external to an intranet system, that is constructed 
from the class files associated with the archive file to access selected system resources 
within the intranet system. Checking the digital signature of the archive file makes it 
possible to determine whether a given applet has been tampered with, and which 
computers have signed the applet As such, access privileges may be allocated based 
upon whether the applet originated from a secure, or trusted, host or from an unsecure 
host. In addition, in some embodiments, the allocation of access privileges enables 
users to decide which hosts are to be trusted and which are not to be trusted. 
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Fig. 2b is a diagrammatic representation of an archive file data format in 
accordance with an embodiment of the present invention. In the described 
embodiment, the archive format is a Java™ archive (JAR) format Archive, or archive 
tile, 2 10 includes a header signature 212 which is the signature mat is typically used by 
a user agent to verify the validity of archive 210 and to determine the levels of access 
available to archive 210. In general, header signature 212 is a digital signature which 
may be a part of a general header mat contains other information which information 
includes, but is not limited to, information corresponding to the size of the archive. 
Archive 210 has any number of associated classes, as for example class "1" 202, class 
M 2" 204, and class "N" 206, from which applets and associated objects are instantiated. 

Additionally, archive 210 may have associated data blocks, as for example data 
block 214. Data block 214 may contain images, text, or any arbitrary data that is 
considered to be a part of archive 210. In one embodiment, data block 214 may contain 
a text string that describes classes 202. 204, and 206 that arc associated with archive 
210. It should be appreciated that in other embodiments, archive 210 may not include a 
data block. 

Referring next to Fig. 3a, an embodiment of a client-side directory structure will 
be described in accordance with the present invention. A user who makes a request to 
access a resource through a client generally interfaces with a user directory 302, User 
directory 302 has an associated browser directory 304 which contains information 
relating to a browser, or a user agent. The browser may be any suitable browser, as 
for example the HoJava™ browser as mentioned above. Browser directory 304 
includes a properties file 306 that is appropriate to the request made by the user. 
Properties file 306 typically Includes user preference items 308 which are generally 
browser specifications that are provided by the user. These specifications may include, 
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but are not limited to, data relating to browser set-up and behavioral properties 
associated with the browser. 

Properties file 306 further includes information that is relevant to the particular 
request mate by the user. By way of example, such information can include an images 
data block 310, a configuration file name 3 12, and a group specification fife name 314. 
In one embodiment, images data block 310 includes data file names, i.e.. strings, 
which identity any images that arc associated with the request. A configuration file 
name 312 is a string that identifies a configuration file which is used to facilitate the 
mapping of a requested resource to associated security descriptors. One example of a 
configuration fde will be described below with reference to Fig. 3b. Group 
specification ("spec*') file name 334 is a string which identifies a group specification 
file, as will be described below with respect to Fig. 3c. 

Fig. 3b is a diagrammatic representation of the structure of a configuration rUc 
in accordance with an embodiment of the present invention. ConGguration file 350 is 
an example of a configuradon file identified by configuradon file name 312 as 
mendoned above with respect to Fig. 3a. Configuration file 350 includes a table 352 
which associates resources 354 on a server,. i.e., a server which the client wishes to 
access, with corresponding access file names 356. That is, table 352 associates an 
entry in the resources "column" 354 with & corresponding entry in the access file names 
"column" 356. Resources 354 are generally classifiers which identify various system 
resources, as for example files, hosts, and socket numbers. Access fDe names 356 
identify corresponding access files which contain security descriptors and other 
information that is relevant to the control of access to system resources with which 
access files arc associated. The structure of an access file will be described in more 
detail below with reference to Fig. 3c. It should be appreciated that due to the fact that 
more than one resource 354 may share the same security descriptor, access file names 
356 and, therefore, access files, may be associated with more than one resource 354. 
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Referring next to Fig. 3c, the structure of an access file will be described in 
accordance with an embodiment of the present invention. Access fdc 360 generally 
includes a table 361 which associates principals 362 with permissions 364. Principals 
362 maybe individual hosts or groups of hosts. By way of example, "java.com" may 
be an individual host, i.e., a server, which is a principal 362. Alternatively, 
"java.com" and "sun.com" may form a principal 362 that is a group. In some 
embodiments, principals 362 can also be the signers of particular archives. Permissions 
364 provide groupings of security descriptors. That is, pennissions 364 are groupings 
of security descriptors which designate die resources that principals 362, with which 
permissions 364 arc associated, have access. 

Fig. 3d is a diagrammatic representation of a group specification f 'spec") file 
format in accordance with an embodiment of the present invention. As mentioned 
above, the group specification file name 314 of Fig. 3a identifies a group specification 
file, as for example group specification file 370. Group specification file 370 includes 
a table 37 1 that associates group names 372 with any number of members 374. Group 
names 372 are essentially identifiers that may be used to identify a group of member 
374. By way of example, a group name, as for example group "1" 372a, may be 
associated with any number of members, as for example member " 1 " 374a and member 
"2" 374b. It should be appreciated that a member, as for example member "I" 374a, 
may be associated with more than one group name 372. 

Fig. 4 is a process flow diagram which illustrates a method of executing a 
request to access a resource in accordance with an embodiment of the present invention. 
The process begins at 402 and in a step 404, a call is made from a requesting client, 
e.g., client 74 of Fig. lb, to a server, e.g., server 60 of Fig. lb, to initiate the 
download of either at least one class file, as described above with respect to Fig. 2a, or 
an archive file, as described above with respect to Fig. 2b. The request is received on 
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the server in response to a client call made through a user agent, a browser, as for 
example a Hotfava™ browser or a Netscape Navigator browser as previously 
mentioned. The initiation of the downloading of either at least one class file or an 
archive file occurs in response to a request to access a resource and, hence, is a call to 
execute an applet In one preferred embodiment, the archive file is a JAR file. 

In a step 406, either the archive file is loaded or the class files are loaded from 
the server into memory associated with the requesting client. In general, class files are 
loaded if the classes are not in an archive file, e.g., not digitally signed, and an archive 
file is loaded if the classes are digitally signed. It should be appreciated that the archive 
file has associated class files. As such, loading the archive file involves loading class 
files. After the class files arc loaded into memory, a validation process is performed on 
the loaded files in a step 408. The validation process, which includes the process of 
verifying whether the header signature associated with a loaded archive fife is valid, in 
the event that an archive file has been loaded, will be described below with reference to 
Fig. 5. 

After the validation process, in a step 410, the class files are converted into an 
applet. That is, an applet is created in memory by instantiating the loaded class files, 
which may or may not be a part of a JAR file. Once the applet is created, the applet file 
is executed in a step 412. The steps associated with the execution of an applet will be 
described below with respect to Fig. 6. 

Fig. 5 is a process flow diagram which illustrates the steps associated with 
validating class files. t.e., step 408 of Fig. 4, in accordance with an embodiment of the 
present invention. The process begins at step 502, and in a step 504, a determination is 
made regarding whether an archive file or a class file has been loaded. If a class flic 
has been loaded, then process flow proceeds to a step 506 in which a standard class 
verification is performed. A standard class verification typically includes a check of all 
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loaded class flies and, therefore, classes, in order to ascertain whether anything in the 
class files may compromise security. In some embodiments, a check is made to 
determine if the security of a virtual machine, as for example a Java™ virtual machine, 
can be compromised. Standard class verification methods arc generally well known to 
those of ordinary skill in the art Once the standard class verification is performed, itie 
process of validating the class files is completed at 520. 

If the determination in step 504- is that an archive file has been loaded, then in a 
step 508, the header of the archive file is validated, or authenticated. The validation of 
the archive file generally involves an identification of the origin of the archive file based 
upon the header signature. That is, a check is made to establish the origin of the header 
signature and, therefore, the archive file. The validation may also include a check of 
whether data associated with the archive file is intact It should be appreciated that in 
some embodiments, an archive file may not include a header signature. By way of 
example, an archive file within an intranet may not be signed. In a step 510, a 
determination is made as to whether the header is valid. If the header is not valid, e.g. , 
the content of the archive does not correspond with the signature, then in a step 514, an 
error flag or the like is raised. In one embodiment, the error flag may result in an 
exception being thrown. In another embodiment, the error flag may result in a message 
being returned to. the requesting client. After the error flag is raised, the process of 
validating class files ends at 520. 

If the header is found to be valid in step 510. process flow moves from step 
510 to a step 512 which is the determination of whether any classes associated with the 
archive file remain to be validated. If there is a class to be validated, then in a step 516, 
a standard class verification is performed. As previously described in step 506, a 
standard class verification includes a check of whether anything in a given class may 
compromise the security of a virtual machine. By way of example, the security of a 
virtual machine may be compromised if something in a given class can overwrite files 
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or memory on the virtual machine. After the standard class verification is completed on 
the given class, process control returns to step 512 in which a determination is made 
regarding whether there are any more classes which are to be validated. Process 
control loops between steps 512 and S16 until a determination is made in step 512 that 
no more classes remain to be validated, at which point the process of validating class 
files is completed at 520. 

Fig. 6 is a process flow diagram which illustrates the steps associated with 
executing an applet in accordance with an embodiment of the present invention. That 
is, step 412 of Fig. 4 will be described. The process begins at 602, and, in a step 604, 
a determination is made as to whether the applet contains an instruction to execute an 
operation. The operation may generally be a call to access a system-level resource. If 
the applet does not contain an instruction to execute an operation, then the process of 
executing the applet ends at 616. If the applet dees contain an instruction to execute an 
operation, then process flow proceeds to a step 606 in which it is determined whether 
the operation to be executed is a protected, e.g., secured, operation. That is, a 
determination is made regarding whether the operation is an operation to which access 
is controlled. If it is determined that die operation is not protected, then the operation is 
executed in a step 608, and process flow returns to step 604, which is the determination 
of whether there is an instruction to execute another opeiation. 

If it is determined 'in step 606 that the operation in the instruction to execute is 
protected, then process flow moves to a step 610 in which the applet security manager 
is called The process of calling die security manager will be described in more detail 
below with reference to Fig. 7. The applet security manager typically controls the 
operations which are accessible to given applets. In one embodiment, the applet 
security manager is a Java™ applet security manager. In a step 612, it is determined 
whether the operation is allowed. In other words, step 612 is the determination of 
whether the applet has access to the operation which is to be executed If the operation 
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is allowed, Chen the operation is executed in step 608. Prom step 608, process control 
returns to step 604 which is the determination of whether there is an instruction- to 
execute another operation. 

If the determination in step 612 is that the operation is not allowed, then an error 
condition occurs, which can be implemented by having an exception is thrown in step 
6 1 4, and the process of executing the applet ends at 61 6. It should be appreciated that 
in some embodiments, the step of throwing an exception may involve calling a throw 
function. In other embodiments, the step of throwing an exception may involve 
transmitting an error message which may be displayed by a user agent that is associated 
with die requesting client In still other embodiments, the error handling may cause an 
interaction with the user to occur in the form of asking whether the user approves the 
performance of the operation by the applet. In such embodiments, access files can 
possibly be updated to permanently record the response provided by the user. 

Referring next to Fig. 7, the process of calling a security manager, i.e., step 
610 of Fig. 6, will be described, should be appreciated that a user agent generally 
has only one associated security manager. The process of calling a security manager 
begins at 702 and in a step 704, the operation which is being called by the applet is 
identified. Although the operation may be any one of a number of operations, the 
operation is generally a read operation or a write operation. From step 704, process 
flow proceeds to a step 706 in which die name of the resource associated with the 
operation is identified. In some embodiments, the name of the resource is passed into 
the call to the security manager and, hence, is readily identified. However, when the 
name of die resource is not passed into the call, the properties file, as previously 
described with respect to Fig. 3a, may be used to identify the associated resource. 

Once the associated resource is identified in step 706, the name of the access file 
which corresponds to the resource is identified using the configuration file, which was 
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described earlier with respect to Fig. 3b, that is associated with the applet Permissions 
corresponding to the applet are then obtained from the access file in a step 710. It 
should be appreciated that in some embodiments, the appropriate access file may be a 
representation of the actual access file in memory. The access file, as described above 
with respect to Fig. 3c, associates individual hosts or groups with a set of permissions. 
After the permissions are obtained, the call to the security manager is completed at 7 12. 



Fig. 8 illustrates a typical computer system in accordance with the present 
invention. The computer system 830 includes any number of processors 832 (also 
referred to as central processing units, or CPUs) that is coupled to memory devices 
including primary storage devices 834 (typically a read only memory, or ROM) and 
primary storage devices 836 (typically a random access memory, or RAM). As is well 
known in the art, ROM 834 acts to transfer data and instructions uni-directionally to the 
CPU and RAM 836 is used typically to transfer data and instructions in a bi-directional 
manner. Both primary storage devices 834, 836 may include any suitable computer- 
readable media as described above. A mass memory device 838 is also coupled bi- 
directionally to CPU 832 and provides additional data storage capacity. The mass 
memory device 838 may be used to store programs, data and the like and is typically a 
secondary storage medium such as a hard disk that is slower than primary storage 
devices 834, 836. Mass memory storage device 838 may take the form of a magnetic 
or paper tape reader or some other well-known device. It will be appreciated that the 
information retained within the mass memory* device 838, may, in appropriate cases, be 
incorporated in standard fashion as part of RAM 836 as virtual memory. A specific 
mass storage device such as a CD-ROM 834 may also pass data uni-directionally to the 
CPU. 

CPU 832 is also coupled to one or more input/output devices 840 that may 
include, but arc not limited to, devices such as video monitors, track balls, mice, 
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic 
or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other wll- 
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known input devices such as. of course, ether computers. Finally, Cru S3 2 
optionally may be coupled to a computer or tclecomrnunications network, e.^./an 
Internet network or an intranet network, using a network connection as shown 
generally at 812. With such a network connection, it is contemplated that the CPU 
might receive information from the network, or might output information to the 
network in the course of performing the above-described method steps. The above- 
described devices and materials will be familiar to those of skill in the computer 
hardware and software arts. Further, it should be appreciated by those skilled in the art 
that the above described hardware and software elements, as well as networking 
devices, are of standard design and construction. 

The computer-implemented methods described herein can be implemented using 
techniques and apparatus that are well-known in the computer science arts for executing 
computer program instructions on computer systems. As used herein, the term 
"computer system" is defined to include a processing device (such as a central 
processing unit, CPU) for processing data and instructions that is coupled with one or 
more data storage devices for exchanging data and instructions with the processing 
unit, including, but not limited to, RAM, ROM, CD-ROM, hard disks, and the like. 
The data storage devices can be dedicated, i.e., coupled directly with the processing 
unit, or remote, Le. t coupled with the processing unit over a computer network. It 
should be appreciated that remote data storage devices coupled to a processing unit over 
a computer network can be capable of sending program instructions to a processing unit 
for execution on a particular workstation. In addition, the processing device can be 
coupled with one or more additional processing, devices, either through the same 
physical structure (e.g.. a parallel processor), or over a computer network (e.g.^ a 
distributed processor.). The use of such remotely coupled data storage devices and 
processors will be familiar to those of skill in die computer science arts (see, e.g., 
Ralston 1993). The term "computer network" as used herein is defined to include a set 
of communications channels interconnecting a set of computer systems that can 
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enniTmmicate with each other. The conuuuaicauOuo channels can include transmission 
media such as, but not limited to, twisted pair wires, coaxial cable, optical fibers, . 
satellite links, or digital microwave radio. The computer systems can be distributed 
over large, or "wide,** areas {e.g* over tens, hundreds, or thousands of miles, WAN), 
or local area networks (e.g., over several feet to hundreds of feet, LAN). Furthermore, 
various local-area and wide-area networks can be combined to form aggregate networks 
of computer systems. One example of such a confederation of computer networks is 
the "Internet". 

Although only a few embodiments of the present invention have been 
described, iuhould be understood that the present invention may be embodied In many 
other specific forms without departing from the spirit or the scope of the present 
Invention. By way of example, although only one configuration of an archive file data 
structure which may be signed has been described, it should be appreciated that the 
archive file data structure may be widely varied within the scope of the present 
invention. Further, steps involved with a method of executing a request to access 
system resources may be reordered. Steps may also be removed or added without 
departing from the spirit or the scope of the present invention. Therefore the described 
embodiments should be taken as illustrative and not restrictive, and die invention 
should be defined by the following claims and their full scope of equivalents. 
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4. Brief Description of Drawings 

The invention, together with further advantages thereof, may best be 
understood by reference to the following description taken in conjunction with the 
accompanying drawings in which:. 

Fig. la is a diagrammatic representation of a wide area computer network in 
which both users and intranets arc coupled by a computer network through the Internet. 

Fig. ib is a diagrammatic representation of a conventional intranet system. 

Fig. 2a is a diagrammaiic representation of a collection of class files in 
accordance with an embodiment of the present invention. 

Fig. 2b is a diagrammatic representa:ion of an archive file data format in 
accordance with an embodiment of the present invention. 

Fig. 3a is a diagrammatic representation of a client-side directory structure in 
accordance with an embodiment of the present invention. 

Fig. 3b is a diagrammatic representation of the structure of a client-side 
configuration file in accordance with an embodiment of the present invention. 

Fig. 3c is a diagrammatic representation of the structure of a client-side access 
file in accordance with an embodiment of the present invention. 

Fig. 3d is a diagrammatic representation of the structure of a ciient-side group 
specif.cation file in accordance with an embodiment of the present invention. 

Fig. 4 is a process flow diagram which illustrates a method of executing a 
request to access a resource in accordance with an embodiment of the present invention. 

~Fig. 5 is a process flow diagram which illustrates the steps associated with 
validating class Files in accordance with an embodiment of the present invention. 

Fig. 6 is a process flow diagram which illustrates the steps associacec with 
executing an applet in accordance with af: embodiment of the present invention. 

Fig. 7 is a process flow diagram which illustrates the steps associated with 
cairing a security manager in accordance with an embodiment of the present invention. 

Fig. 3 is a diagrammatic representation of a computer system in accordance with 
the present invention. 
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Methods, systems, and software for installing and operating selected software 
applications on a client computer that is in communication with a server computer on a 
computer network are described. In one aspect of the present invention, a method for 
controlling the degree of access to operating system resources for a software program 
running on a computer that is running said operating system is provided. The degree 
of access to the operating system resources is defined for the software program, and at 
least one file including instructions for executing the software program is loaded on the 
computer from the server computer. The file is examined to determine the degree of 
system-level access available to the software program when the software program is 
being executed by the computer. The software program is executed, and a program 
instruction associated with the software program is intercepted when the software is 
being executed on the computer. A determination is then made to determine if the 
program instruction includes an operation that is outside of a degree of system-level 
access that is available to the software program, and if it is determined that the software 
program has permission to access system-level resources associated with the computer 
that are within the degree of system-level access available to the software, the program 
instruction is executed. 

2. Representative Drawing 
Fig. 4 
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